Objectives: This study focused on evaluating the value of transvaginal 3D ultrasound for the diagnosis and prognostic assessment of post-cesarean section uterine diverticulum. Materials and Methods: We retrospectively analyzed the data from 32 patients with post-cesarean section uterine diverticulum over three recent years. In all patients, transvaginal 3D ultrasound was used to measure the size of the uterine diverticulum and the thickness of the lower uterine segment (LUS) and myometrium. Patients with a LUS with a myometrial thickness under 4 mm underwent resection and repair surgery; those with a LUS with a myometrial thickness over 4 mm underwent hysteroscopic resection. The postoperative sonograms were compared with preoperative images to evaluate the efficacy of various treatments. Results: The mean length, width and depth of the uterine diverticula were 18.30 ± 2.80 mm, 9.14 ± 3.20 mm and 11.49 ± 2.71 mm, respectively. The average LUS myometrial thickness was 3.40 ± 0.80 mm (with a range of 1.6 mm -6.3 mm). After surgery, two patients' sonograms still showed diverticula at the post-cesarean section scar, measuring 6 mm × 7 mm × 6 mm and 6 mm × 8 mm × 4 mm. There were significant differences in the size of uterine diverticula between preoperative and postoperative sonograms (P < 0.05) and the effective rate of surgery was 93.75% (30/32). Conclusions: Transvaginal 3D ultrasound is an accurate method for detecting post-cesarean section uterine diverticulum and is helpful for assessing surgical options and prognosis. The LUS myometrial thickness, which is considered as an optional index of post-cesarean section uterine diverticulum, should be measured routinely.
Introduction
Concern is growing over the association between delivery by cesarean section and long-term maternal morbidity, as the use of cesarean section delivery has increased markedly worldwide over the last several decades [1] [2] . The long-term complications of cesarean section in relation to future reproduction have been comprehensively examined [3] . Previous studies have shown that a uterine diverticulum is present in most women with a history of cesarean section when examined by ultrasound, and this is associated with postmenstrual spotting [4] .
Post-cesarean section uterine diverticulum is defined as a triangular anechoic structure at the site of the scar or a gap in the myometrium of the anterior lower uterine segment (LUS) at the site of a previous cesarean section [5] - [7] . This diverticulum, also known as a niche, is described as a defect that can be seen on an ultrasound at the site of the cesarean section scar [3] . Moreover, three-dimensional (3D) ultrasonography that enhances visualization of the LUS, myometrial thickness and the size of uterine diverticulum is a more recent tool used to diagnose post-cesarean section uterine diverticulum. In this study, we reviewed the data of 32 patients with symptomatic previous cesarean delivery scar defects who were diagnosed by 3D ultrasonography. We measured their ultrasonic LUS myometrial thickness and the size of the uterine diverticulum to assess the value of transvaginal 3D ultrasound in the diagnosis, treatment, and prognosis of post-cesarean section uterine diverticulum.
Patients and Methods

Patients
This study was conducted at the Guangzhou Institute of Obstetrics and Gynecology, the Third Affiliated Hospital of Guangzhou Medical University, Guangzhou, China. Thirty-two patients with post-cesarean section uterine diverticulum were referred to the institute from January 2012 to June 2015. The study protocol was approved by the Ethical Committee of the Guangzhou Medical University, Guangzhou, China, and all patients provided written informed consent before beginning management.
Transvaginal 3D Ultrasound
All transvaginal 3D sonographic examination procedures were performed and evaluated by sonologists (both board certified and with more than 15 years of obstetric and gynecologic sonography experience). Transvaginal 3D ultrasound was performed using a 7.5-MHz transducer (Voluson S8, GE Healthcare, Milwaukee, WI, USA). Patients were examined after emptying their bladders. The uterus, uterine scar, and uterine diverticulum, if present, were examined in a standardized way. The position, length, and width of the uterus and double thickness of the endometrium were registered in the midsagittal plane. A diverticulum was defined as an anechoic space with or without fluid at the presumed site of the previous cesarean section scar. When a diverticulum was identified, its length, width, and depth, as well as those of the residual myometrium at the site of the scar and the LUS myometrium, were measured in real time. In cases when more than one cesarean section scar was present the largest niche was measured.
Data Collection
All patients had a history of cesarean section delivery and were diagnosed with a post-cesarean section uterine diverticulum with non-specific clinical symptoms by transvaginal 3D ultrasound. The LUS myometrial thickness and size of the uterine diverticulum, which are considered to be indices of surgical options, were routinely measured. The preoperative and postoperative menstrual periods were compared and postoperative sonograms were reviewed to monitor the disappearance of the sonolucent zone in the LUS scar, as a determinant of treatment success.
Statistical Analysis
The Student's t-test was used to compare the size of the uterine diverticulum before and after surgical treatment. Statistical analysis was performed using SPSS software version 18.0 (IBM, Chicago, IL, USA).
Results
Thirty-two women aged 25 -49 years who were diagnosed with post-cesarean section uterine diverticulum were included in the study. Twenty-four patients had undergone one cesarean section delivery and eight patients had had two cesarean section deliveries. The time interval from the present post-cesarean section uterine diverticulum to the previous cesarean delivery ranged from nine months to 14 years. All the patients presented with postmenstrual spotting, and four had accompanying lower abdominal pain. The duration of their menstrual periods was 13 ± 4.29 days.
The transvaginal 3D ultrasounds showed a uterine diverticulum or anechoic space in the anterior part of the LUS or in the previous cesarean section scar with a thin myometrium. The mean length, width, and depth of the uterine diverticula were 18.30 ± 2.80 mm, 9.14 ± 3.20 mm, and 11.49 ± 2.71 mm, respectively. The average LUS myometrial thickness was 3.40 ± 0.80 mm (with a range from 1.6 mm to 6.3 mm). Patients with an LUS myometrial thickness under 4 mm underwent resection and repair surgery (including transvaginal resection, resection and repair treatment with laparotomy, and laparoscopy combined with hysteroscopy) while hysteroscopic resections were performed for patients with an LUS myometrial thickness over 4 mm.
After surgical treatment, two patients' sonograms still showed diverticula at the post-cesarean section scar, measuring 6 mm × 7 mm × 6 mm and 6 mm × 8 mm × 4 mm. All the patients had a menstrual period lasting 6.42 ± 1.24 days. There were significant differences in the size of uterine diverticulum and the duration of the menstrual period after surgical treatment (P < 0.05). The effective rate of surgery was 93.75% (30/32) ( Table 1) . 
Discussion
Iatrogenic diverticulum of the uterus after cesarean section is becoming increasingly common and the current rate of cesarean delivery in China is 40% to 50% [2] [8] . In a random population of women with a history of cesarean section, the prevalence of uterine diverticulum ranged from 24% to 70% and from 56% to 84% when assessed by transvaginal sonography and contrast-enhanced sonohysterography, respectively [9] . Probable risk factors are single-layer myometrium closure, multiple cesarean sections, and a retroflexed uterus. The predominant symptom related to uterine diverticulum is postmenstrual spotting [4] . Published data show no correlation between the incidence of cesarean section scar diverticulum and either the interval between first and second cesarean section or the gestational age at the time of these cesarean sections. Interestingly, the incidence of scar diverticulum was higher in women who were older at the time of cesarean section, and it correlated positively with the number of previous cesarean sections [4] [9] . Other studies, performed in populations of women with gynecological symptoms, demonstrated that niches were significantly wider in women with postmenstrual spotting, dysmenorrhea or chronic pelvic pain, and that the prevalence of postmenstrual spotting or prolonged menstrual bleeding was higher with a larger diameter of the uterine diverticulum [9] - [11] . Symptoms in women with uterine diverticulum included dysmenorrhea (53.1%), chronic pelvic pain (36.9%), and dyspareunia (18.3%) [9] [10] .
Although there have been various treatments for CSP in recent years, no standardized diagnostic or management guidelines have been established. A scar diverticulum is easily identified using transvaginal ultrasound, and its size, shape and location can be accurately determined [4] [12] [13] . Other studies have evaluated uterine diverticulum with the use of gel instillation sonohysterography (GIS), sonohysterography (SHG) and magnetic resonance imaging (MRI). Nevertheless, transvaginal 3D ultrasonography that enhances visualization of the LUS, myometrial thickness, and the length, width and depth of the uterine diverticulum has been more recently used for accurate diagnosis of post-cesarean section uterine diverticulum [14] .
Surgical approaches to treating cesarean section scar abnormalities include hysteroscopic techniques, laparotomy and defect repair, and hysterectomy. Complete hysterectomy is curative in patients who do not wish to have more children [15] [16] . From the published data, the treatment of patients with post-cesarean section uterine diverticulum uses 4 mm as a threshold LUS myometrial thickness. Resection and repair surgery includes transvaginal resection, resection, and repair treatment with laparotomy and laparoscopy combined with hysteroscopy.
In our study, all 32 patients were diagnosed with post-cesarean section uterine diverticulum by transvaginal 3D ultrasound. Resection and repair surgery was recommended for patients with an LUS myometrial thickness under 4 mm to prevent surgical complications such as hemorrhage and uterine rupture. Hysteroscopic resection was recommended for patients with an LUS myometrial thickness over 4 mm as it is minimally invasive and there is less blood loss. Transvaginal 3D ultrasound was used to monitor the disappearance of sonolucent zone in the lower uterine segment scar three days, one month and three months after surgery.
Conclusion
In conclusion, transvaginal 3D ultrasound is an accurate method for detecting post-cesarean section uterine diverticulum and is helpful for assessing surgical options and prognosis. The LUS myometrial thickness, which is considered as an optional index of post-cesarean section uterine diverticulum, should be measured routinely. However, comparative studies of different therapies with sufficient methodological quality are lacking. Future studies involving sufficient sample size, long-term follow-up, and validated instruments are needed.
